Introduction {#s1}
============

Obsessive compulsive disorder (OCD) is a chronic disorder with functional impairment characterized by obsessive, unwanted, and repetitive thoughts and/or repetitive ritualistic behaviors ([@CIT0034]). The prevalence of OCD is 1%-3% ([@CIT0019]), and symptoms start in childhood in approximately 80% of cases ([@CIT0040]). The etiologies of OCD are largely multifactorial, involving complex interactions between genetic and environmental factors ([@CIT0039]). Moreover, pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections and pediatric acute-onset neuropsychiatric syndrome OCD are 2 OCD subtypes in children that are developed secondary to infection due to cross-reactive antibodies (Swedo et al, 2012; [@CIT0035]).

Studies performed on pediatric subjects have provided better insight into the mechanism underlying the association of psychiatric disease with inflammation, since there are fewer confounding factors in childhood, such as duration of disease, medication, adverse effects, and comorbidities (McEwen, 2006; [@CIT0033]). Therefore, the pediatric population represents an optimal study group to identify an underlying inflammatory mechanism in OCD patients ([@CIT0022]). In addition, cytokine production in children was different from adults ([@CIT0029]).

In OCD patients, previous studies have reported irregularities of neurotransmitters, such as glutamate, serotonin, and dopamine, in the cortico-striato-thalamo-cortical circuits ([@CIT0036]; [@CIT0046]; [@CIT0031]; [@CIT0042]; [@CIT0044]). It has been shown that specific cytokines may have an effect on the synthesis, release, and reuptake of these neurotransmitters ([@CIT0032]). For example, interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) have been reported to activate the enzyme indoleamine 2,3 dioxygenase, which decreases brain serotonin levels by consuming tryptophan, the serotonin precursor, via the production of kynurenine and neuroactive metabolites ([@CIT0008]). In turn, neuroactive metabolites might affect the levels of dopamine and glutamate ([@CIT0032]). Another example described is interleukin (IL)-6. The increased level of IL-6 in the central nervous system has been associated with decreased levels of tetrahydrobiopterin, a cofactor in the synthesis of serotonin and dopamine (Haroon et al, 2012), which, in turn, resulted in decreased levels of serotonin and dopamine ([@CIT0032]). Furthermore, a mixture of IL-1β, TNF-α, and IFN-γ has been reported to enhance the release of glutamate from astrocytes ([@CIT0020]).

However, cytokine production in children is different from that in adults. There is evidence of a role of inflammation in neuropsychiatric diseases in both children and adolescents ([@CIT0033]), but there are inconsistent results from studies investigating cytokine levels in the serum and cerebrospinal fluid in OCD patients. Anomalies in the immune system have been identified in children diagnosed with both tic disorder, for instance, Tourette's disorder (TD), and OCD ([@CIT0028]; [@CIT0012]; [@CIT0004]). Moreover, a meta-analysis of studies of adult OCD patients found reduced levels of IL-1β, but similar levels of IL-6 and TNF-α, compared with patients without OCD. To the best of our knowledge, there have been no studies investigating cytokine profiles in pediatric patients with OCD only ([@CIT0016]).

Although some studies have supported the opposite ([@CIT0013]), other studies have reported an association between autoimmunity and primary OCD ([@CIT0041]). Studies conducted in both pediatric and adult OCD patients found higher levels of antibasal ganglia antibodies and antithalamic autoantibodies compared with the control group ([@CIT0007]; [@CIT0041]). In addition, antibasal ganglia antibody was found in both seropositive (antistreptolysin O-positive) and seronegative OCD patients ([@CIT0037]). Consistent with these findings, functional abnormalities in the cortico-striato-thalamo-cortical circuitry in OCD were also reported ([@CIT0042]).

One way of understanding whether OCD may have an immunologic etiology is to study the cytokine profile of T-helper (Th) cells. Th cells are characterized and classified on the basis of the cytokines they secrete ([@CIT0043]). Th~1~ effector cells produce IL-2, IFN-γ, and TNF-α ([@CIT0045]); Th~2~ effector cells produce IL-4, IL-10, and IL-13 ([@CIT0001]); and Th~17~ effector cells produce IL-17 ([@CIT0018]). Both Th~1~ and Th~17~ effector cells play a role in autoimmune diseases ([@CIT0006]; [@CIT0009]).

To our knowledge, there have been no published studies on the inflammation in children and adolescents with OCD. This study investigated any differences in the levels of IL-17A, TNF-α, IFN-γ, IL-10, IL-6, IL-4, and IL-2 in OCD patients compared with the control group. The study also aimed to determine whether there was an association between cytokine levels and the severity of OCD.

Methods {#s2}
=======

Study Participants {#s3}
------------------

The study was conducted in the Department of Child Psychiatry at Dicle University Training and Research Hospital between January 2014 and December 2014. A total of 52 children with OCD were admitted during this period, of which only 41 agreed to participate in the study. Seven cases were excluded from the study based on the exclusion criteria. Thus, the study population comprised 34 children, aged between 7 and 17 years (23 males, 11 females), diagnosed with OCD prior to receiving treatment. The diagnosis of OCD was made in accordance with the DSM-V criteria. To avoid interference with biochemical parameters, the following exclusion criteria were applied: mental retardation; a history of head trauma; a history of intake of oral contraceptives, psychotropics, nonsteroidal antiinflammatory drugs, and vitamins; previous or current cortisol therapy; body mass index of 30 or greater; chronic systemic disorders; clinically active infection; clinical suspicion of pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections and pediatric acute-onset neuropsychiatric syndrome; and the presence of other psychiatric disorders. Simple tic disorder patients were included in the study, and simple motor tic disorder was present in 11.8% (n = 4) of the patients with OCD. The control group consisted of age-, gender-, and environmentally matched children with no medical history. Two experienced psychiatric doctors evaluated the patients. Interrater agreement was 0.70. The Non-Interventional Clinical Research Ethics Committee at Dicle University Faculty of Medicine approved the study. Parents of all study participants provided informed written consent.

Study Procedures {#s4}
----------------

Socio-demographic features and clinical data of the participants were recorded by the psychiatrists. A structured psychiatric interview (Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime version **\[**K-SADS-PL\] and Children's Yale Brown Obsession Compulsion Scale \[CY-BOC\]) was conducted, and self-reported Children's Depression Inventory (CDI) given to the participants. Heights and weights were measured, and the body mass index was calculated.

K-SADS-PL {#s5}
---------

The K-SADS-PL schedule, originally developed by [@CIT0023] and adapted to the Turkish version by [@CIT0015] evaluates the presence of common psychopathologies, primarily OCD, in children and adolescents. It was administered as part of the structured psychiatric interview with the parents and children. The final evaluation was performed using input from all data sources.

CY-BOC {#s6}
------

The CY-BOC is a semistructured tool to measure the severity of OCD signs within the past week ([@CIT0047]). It comprises 5 main sections: instructions, an obsession screening list, items to determine the severity of obsessions, a compulsion screening list, and items to determine the severity of compulsions. Information was gathered from the child and his/her parents. The validity and reliability study of the Turkish version of this scale was carried out by [@CIT0054].

CDI {#s7}
---

The CDI was developed by [@CIT0026], based on the Beck Depression Scale, and we used the CDI scale adapted in Turkish by Öy (1991). Of note, questions specific to the childhood period, such as school success and relationship with friends, were added. The scale contains 27 items, and each item is scored as "0", "1", or "2" points depending on the severity of the symptoms. The maximum score is 54 points. High scores indicate the level or severity of depression. The cutoff point for the scale is 19 points.

Clinical Global Impression Scale {#s8}
--------------------------------

The Clinical Global Impression (CGI) scale is a standardized evaluation tool used to rate disease severity, disease course over time, and drug effects according to the clinical condition of the patient and the severity of the side effects. CGI is rated on a 7-point scale, from 1 (normal) to 7 (severe disease) ([@CIT0017]).

Cytokine Bead Array {#s9}
-------------------

Blood samples were obtained between 10:00 and 12:00 [am]{.smallcaps}. The samples were collected in gel tubes and stored at 4°C until centrifugation later on the same day. All blood samples were then centrifuged at 5000rpm for 6 minutes. The sera were transferred to 1.5-mL polypropylene tubes and stored at −80°C for subsequent analysis. The BD Cytometric Bead Array Human Th~1~/Th~2~/Th~17~ Cytokine Kit (cat. no. 560484, BD Biosciences), FCAP Array v3.0 software (23-13454-00, BD Biosciences), and BD FACSVerse system (23-13453-00, BD Biosciences) were used for the measurement and analysis of the concentrations of the cytokines IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-γ, and TNF-α. Sera were used without dilutions for BD Cytometric Bead Array analysis.

Statistical Analysis {#s10}
--------------------

Statistical analysis was performed using SPSS 18.0 software package (SPSS Inc, Chicago, IL). The chi-square test was used to evaluate any difference between the groups in terms of gender, consanguinity between parents, and history of psychiatric disorders. The Student's *t* test was used to compare normally distributed variables in independent groups, and the Mann-Whitney test was used to compare nonnormally distributed variables. The effects of age and gender were adjusted using 2-way ANOVA and ANCOVA tests. The Pearson's test was used to determine correlation coefficients and statistical significance of normally distributed variables, and the Spearman's test was used for nonnormally distributed variables. *P*\<.05 was considered statistically significant.

Results {#s11}
=======

There was no significant difference in age or gender between the OCD group (male/female: 23/11; age: 12.8±2.7 years) and the control group (male/female: 17/17; age: 12.8±2.6 years). No differences were detected in the occupation of the parents and the presence of consanguinity between the parents in either group. The frequency of psychiatric diseases in the family and close relatives was significantly higher in the OCD group (*P*=.00) compared with the control group. The socio-demographic data are shown in [Table 1](#T1){ref-type="table"}.

###### 

Data Related to Some Sociodemographic Variables and Scales

  -----------------------------------------------------------------------------------------------------------------------------
                                                            OCD (n=34)\   Control (n=34) (mean±SD)   z or t Value   *P* Value
                                                            (mean±SD)                                               
  --------------------------------------------------------- ------------- -------------------------- -------------- -----------
  Age (years)                                               12.8±2.7      12.8±2.6                   t=0.00         1.00

  Sex (M/F)                                                 23/11         17/17                      chi-square     0.22

  Mother's age (y)                                          42.7±8.2      37.4±4.9                   z=-2.55        **0.01**

  Father's age (y)                                          46.8±4.9      42.9±5.8                   t=2.12         **0.04**

  Consanguineous marriages (yes/no)                         12/22         10/24                      chi-square     0.80

  History of psychiatric disorders in the family (yes/no)   20/14         2/32                       chi-square     **0.00**

  BMI (kg/m^2^)                                             19.7±4.1      19.7±2.8                   t=0.04         0.97

  CDI                                                       13.3±6.8      12.7±6.3                                  0.76

  Duration of OCD symptoms (mo)                             19.0±19.8     NA                                        

  CY-BOC                                                                                                            

  Obsession                                                 12.1±3.4      NA                                        

  Compulsion                                                10.8±4.1      NA                                        

  Total                                                     22.8±7.2      NA                                        

  CGI                                                       3.9±0.8       NA                                        
  -----------------------------------------------------------------------------------------------------------------------------

Abbreviations: BMI, body mass index; CDI, The Children's Depression Inventory; CY-BOC, Children's Yale Brown Obsession Compulsion Scale; CDI\*, cutoff point for the scale is 19 points. CGI, Clinical Global Impression Scale; NA, not applicable; OCD, Obsessive Compulsive Disorder.

No significant difference was found in the depression scores between the OCD and control groups (*P=*.76). The duration of OCD symptoms was 19.0±19.8 months. Patients reported that the severity of their OCD symptoms had increased to a level that impaired functioning over a mean of 4.0±3.5 months. Data from the psychiatric evaluation using the K-SADS-PL, CY-BOC, and CDI scales are shown in [Table 1](#T1){ref-type="table"}. IL-17A, TNF-α, and IL-2 levels were significantly higher in OCD patients compared with the control group (*P=*.03, 0.01, and 0.02, respectively). When 2-way ANOVA and ANCOVA were performed to assess the confounding impact of age and gender on the results, the statistical significance of differences did not change between the OCD and control groups in terms of IL-17A, TNF-α, and IL-2 levels (F=6.547, *P*=.013; F = 11.175, *P*=.001; F = 5.109, *P*=.027, respectively). However, there was no correlation between Th~1~ and Th~17~ cytokine profiles in the OCD group. Data from the biochemical analysis are presented in [Table 2](#T2){ref-type="table"}. The duration and severity of OCD symptoms were not significantly associated with IL-17A, IFN-γ, IL-10, IL-6, IL-4, and IL-2 levels. A negative correlation was found between TNF-α levels and CGI scores (r = -0.46, *P*=.02).

###### 

Biochemical Parameters in Patients with or without OCD

  -------------------------------------------------------------------------------
  (pg/mL)   OCD (n=34)\     Control (n=34) (mean±SD)   z or t Value   *P* Value
            (mean±SD)                                                 
  --------- --------------- -------------------------- -------------- -----------
  IL-17A    15.4±26.7       2.9±9.9                    z=-2.18        **0.03**

  IFN-γ     ND              1.04**±**6.07              z**=**-1.00    0.32

  TNF-α     22.7**±**32.1   4.9**±**5.6                z**=**-2.63    **0.01**

  IL-10     6.9**±**4.6     7.1**±**4.2                z**=**-0.25    0.81

  IL-6      6.8**±**18.1    4.0**±**9.3                z**=**-0.10    0.93

  IL-4      33.1**±**12.3   28.6**±**4.6               t**=**1.96     0.06

  IL-2      21.4**±**9.0    15.8**±**10.5              t**=**2.34     **0.02**
  -------------------------------------------------------------------------------

Abbreviations: ND, not detected; OCD, Obsessive Compulsive Disorder.

Discussion {#s12}
==========

The most important finding of the present study was the significant increase in the levels of the Th~1~ cytokines IL-2 and TNF-α as well as levels of the Th~17~ cytokine IL-17 in the OCD group. A further important finding was the lack of correlation between the severity and duration of the OCD symptoms and cytokine levels. Interestingly, a negative correlation was found between disease severity and TNF-α levels.

There are inconsistent results from studies investigating the serum and cerebrospinal fluid levels of cytokines in OCD patients. The IL-2 level has been found higher in children who had TD together with OCD compared with the non-OCD TD group, whereas no significant difference has been found in TNF-α and IL-6 levels between the groups. Additionally, a negative correlation has been reported between OCD symptom severity and TNF-α levels ([@CIT0012]). In children with tic disorder, the serum levels of IL-2 have been found to negatively correlate with OCD symptom severity (N. G. [@CIT0004]). Only one study has investigated IL-2 levels in adult OCD patients and found that levels were similar to those in healthy control subjects ([@CIT0052]). A meta-analysis of studies conducted in adult OCD patients found reduced levels of IL-1β and similar levels of IL-6 and TNF-α compared with healthy subjects. Additionally, TNF-α levels were increased in OCD patients who also had depression ([@CIT0016]).

Consistent with our findings, a study by Leckman et al. reported increased levels of TNF-α in pediatric and adolescent OCD and/or TD patients compared with healthy control subjects ([@CIT0028]). The authors also reported a negative correlation between OCD symptom severity and TNF-α levels, also in agreement with our data ([@CIT0012]). Moreover, one report showed that TNF receptor 1 (TNFR1: p55) and TNF receptor 2 (TNFR2: p75) might have opposite effects on neurons, with TNFR1 having a damaging impact on neuronal cells and TNFR2 having a neuroprotective effect ([@CIT0010]). These findings indicate that low TNF-α concentrations may stimulate TNFR1, whereas TNFR2 stimulation may require high TNF-α concentrations. In other words, TNF-α affinity to TNFR1 may be high, but lower to TNFR2. In fact, [@CIT0011] showed that TNF-α affinity to the TNFR2 receptor is 40-fold lower than that to TNFR1. Our findings suggest that high TNF-α levels might ameliorate OCD pathology via TNFR2, whereas low TNF-α levels might contribute to create OCD or make it worse via TNFR1. On the other hand, Konuk et al. reported that TNF-α levels were higher in patients with childhood-onset OCD than in patients with adult-onset OCD ([@CIT0025]). These inconsistencies in findings between pediatric and adult OCD patients might be explained by the variation in cytokine levels by age ([@CIT0029]; [@CIT0014]).

IL-17, the signature cytokine of Th~17~ cells, has been shown to play a role in the pathogenesis of important psychiatric diseases such as anxiety disorder and TD ([@CIT0050]; [@CIT0005]). [@CIT0005] found significantly higher IL-17 levels in children and adolescents with TD than in healthy control subjects. Our study was the first to investigate the levels of IL-17A in children and adolescents with OCD, showing significantly higher levels of IL-17A in the OCD group than in healthy controls.

Both Th~1~ and Th~17~ effector T cells play a role in organ-specific, as well as systemic, autoimmune disease development ([@CIT0048]), while Th~2~ effector cells are crucial for allergic diseases (Cosmi L, 2014). Th~17~ cells may show plasticity and can be converted into Th~1~ or Th~2~ effector cells ([@CIT0006]; [@CIT0021]; [@CIT0030]). Increased levels of TNF-α and IL-17 are associated with numerous autoimmune diseases and blockade of these cytokines have been shown to have therapeutic benefits in various autoimmune diseases ([@CIT0024]; [@CIT0027]; [@CIT0051]). Our results showed that the levels of the Th~1~ cytokines IL-2 and TNF-α, as well as the levels of the Th~17~ cytokine IL-17A, were significantly higher in the sera of OCD children. However, there was no correlation between Th1 and Th17 cytokine profiles in the OCD group. These findings indicate that the two distinct populations of Th cells, namely Th~1~ and Th~17~, may play a role in the pathogenesis of OCD.

The present study had some limitations. The cross-sectional study design allowed the measurement of cytokine levels at only a single time point. Also, the small study sample size meant that it was inadequate to be representative of the general population. In addition, we did not assess the antistreptolysin O titration levels.

In conclusion, the present study found significantly higher levels of the Th~1~ cytokines IL-2 and TNF-α, and the Th~17~ cytokine IL-17 in children with OCD. Moreover, there was an inverse correlation between TNF-α levels and disease severity. However, there was no correlation between Th~1~ and Th~17~ cytokine profiles in the OCD group. These findings suggest that OCD might be mediated by Th~1~ or Th~17~ effector T cells, according to serum cytokine profiles. It might be necessary to investigate for OCD symptoms in patients with autoimmune disease, and conversely for autoimmune diseases in OCD patients. Additionally, the possible effects of adding immunomodulatory and antiinflammatory agents to conventional treatment of OCD should be investigated.
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